Introduction
Regular treatment with inhaled respiratory medications, including inhaled corticosteroids (ICSs), long-acting β 2 agonists (LABAs), and long-acting muscarinic antagonists (LAMAs), is well known to be the cornerstone in the management of chronic obstructive pulmonary disease (COPD). 1 ICS and LABA drugs are prescribed widely in combination. The TORCH trial reported that treatment with this drug combination reduced exacerbations and improved the health status in COPD patients, 2 as well as reduced the annual lung function decline rate in a post hoc analysis. 3 The UPLIFT trial showed that LAMAs also improved symptoms, exercise tolerance, and health-related quality of life, and decreased exacerbations in COPD patients. 8, 9 In addition, several studies have shown that β-adrenergic and cholinergic signaling are associated with anxiety and depression. [10] [11] [12] [13] Treatment with systemic corticosteroids for COPD could also affect mood problems, including hypomania, mania, depression, anxiety, panic disorder, and delirium. 14, 15 The latter finding suggests that inhaled drugs could also be associated with mood disorders. However, the impact of inhaled drugs on mood problems has rarely been evaluated. The purpose of this study was to evaluate the effect of treatment with inhaled drugs on changes in mood, focusing on depression and anxiety during treatment in patients with newly diagnosed COPD, using the Hospital Anxiety and Depression Scale (HADS), 16 a widely used questionnaire on anxiety and depression in Korea. [17] [18] [19] 
Methods Participants
This prospective survey was conducted from August 1, 2011 to January 31, 2012, at three national hospitals: Seoul National University Hospital, Seoul Metropolitan Government-Seoul National University Boramae Medical Center, and Seoul National University Bundang Hospital. We prospectively selected new patients with COPD from outpatient clinics. New COPD patients were defined as follows: patients without inhaled medication within 3 months, and patients with postbronchodilator forced expiratory volume in 1 second/ forced vital capacity ,0.7. 20 Participants received verbal and written information, and signed written consent was obtained for each participant. The two most common inhaled medications were ICS/LABAs and LAMAs. Therefore, we classified the patients into two groups depending on the ICS/ LABA prescribed (ICS/LABA vs non-ICS/LABA group) and LAMA prescribed (LAMA vs non-LAMA group), respectively. The study was approved by the Institutional Review Board of National Evidence-based Healthcare Collaborating Agency and all participating hospitals.
survey methods and questionnaires
Face-to-face interviews were conducted with participants using the standard HADS questionnaire by well-trained nurses. However, when face-to-face interviews were not possible during the course of treatment, telephone surveys were conducted instead. HADS was originally developed to detect states of depression and anxiety in the hospital's outpatient clinic. 16 It is a selfassessment procedure comprising 14 questions, of which seven are anxiety-related questions (HADS-A) and the remainder are depression-related questions (HADS-D). Each item was scored between 0 and 3 points; each patient was scored from 0 to 21 for either anxiety or depression, with higher scores signifying a higher level of depression or anxiety. 21 
statistical analysis
Chi-squared test and Fisher's exact test were used to compare the differences between ICS/LABAs and non-ICS/LABAs, and between LAMAs and non-LAMAs, in different subsets of patients. The various scores compiled at the start of the project, the 4th week, and the 12th week were calculated, and the change in scores was presented as the mean, standard deviation (SD), median, 25th percentile (Q1), and 75th percentile (Q3). The Wilcoxon signed-rank test was used to compare the depression or anxiety levels before and after the inhaled therapy. For multivariate analysis, we applied the general linear mixed model. In this study, a two-sided P-value ,0.05 was considered statistically significant. All statistical analyses were performed using SAS version 9.1.3 (SAS Institute Inc, Cary, NC, USA).
Results

Baseline characteristics
Ninety newly diagnosed COPD patients were enrolled. Among these 90 patients, four patients were excluded because they had received inhaled medication due to respiratory problems within the last 3 months, and two patients did not complete the HADS questionnaire. Finally, 84 patients were included in the analyses, and they consisted of 31 patients with mild COPD (GOLD 1), 41 patients with moderate COPD (GOLD 2), nine patients with severe COPD (GOLD 3), and three patients whose COPD status was unknown. The details given in Table 1 show that demographic characteristics and sex (males comprised 77.38%) were similar between the ICS/LABA and non-ICS/LABA groups, and between the LAMA and non-LAMA groups. 
Change in haDs scores
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Total
At baseline, the mean total HADS score of the 84 patients was 9.75±5.30 before starting inhaled medication. Four weeks after inhaled medication, the mean total HADS score was 10.72±6.68, and the change from baseline was 1.24±4.67 (P=0.065). After 12 weeks, the mean total HADS score was 10.95±6.25, and the change from baseline was 1.63±5.34 (P=0.058). After 4 weeks, the anxiety scores (HADS-A) significantly increased by 0.73±2.56 (P=0.038), and there was no statistically significant change between baseline and the 12th week (0.72±2.84; P=0.100). In addition, no significant statistical change was observed in the depression scores (HADS-D).
ICs/laBa vs non-ICs/laBa group
In the ICS/LABA group, no statistically significant change was observed in HADS score between baseline and the 4th and 12th weeks. However, in the non-ICS/LABA group, 4 weeks after inhaled medication, the mean total HADS score was 11.23±6.86, and the change from baseline was statistically significant (2.03±4.82; P=0.008). After 4 weeks, the HADS-A significantly increased by 1.03±2.44 (P=0.013), and the HADS-D significantly increased by 1.00±2.87 (P=0.031). No significant statistical change was found between baseline and the 12th week. The ICS/LABA group showed a relatively better effect on the change in the total HADS score between baseline and 4 weeks than that in the non-ICS/LABA group, but the difference was not statistically significant (P=0.055). In multivariate analysis, ICS/LABA use tended to decrease the HADS scores compared to non-ICS/LABA use, but the difference did not reach statistical significance (Table 4) .
laMa vs non-laMa group
In the LAMA and non-LAMA groups, the HADS scores were not statistically significant between baseline and the 4th and 12th weeks. After 12 weeks, the mean total HADS score change from baseline was 1.83±4.86 (P=0.064) in the LAMA group, and the HADS-A score change from baseline was 1.12±2.76 (P=0.065). No statistically significant difference was observed in the change in HADS score between the LAMA and non-LAMA groups. Multivariate analysis showed that LAMA use did not lead to a statistically significant increase in HADS score (Table 4) .
Discussion
To the best of our knowledge, this is the first prospective study conducted to elucidate whether inhaled treatment among COPD patients has an effect on anxiety and depression. The results showed that inhaled ICS/LABA or inhaled LAMA had no significant effect on the HADS score in newly diagnosed COPD patients.
It has been considered that inhaled drugs for COPD treatment may affect mood problems. In fact, major drug categories for COPD treatment could be associated with mood problems. Activation of β-adrenoceptors in the bed nucleus of the stria terminalis by β-agonists induced anxiety-like behavior in rats in a dose-dependent manner. 10 Depression and related structural and functional changes in brain areas are thought to be associated with cholinergic dysfunction. 10, 13 Furthermore, in principle, anticholinergics can elevate heart rate, a finding that could contribute to an increase in anxiety. In fact, it was reported that blockade of muscarinic receptors in the central nervous system can cause anxiety and agitation in patients with anticholinergic overdose. 22 β-agonists, including new, selective β 2 -agonists (salmeterol and formoterol), increase heart rate. [23] [24] [25] Anticholinergic muscarinic (M 3 ) receptor antagonists also 
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COPD treatment and haDs score inhibit parasympathetic control of heart rate. 26, 27 Corticosteroids can also affect mood problems, including hypomania, mania, depression, anxiety, panic disorder, and delirium. 14, 15 A significantly higher self-reported depression score was reported in COPD patients receiving 20-40 mg/day systemic prednisone for 10-14 days. 28 Anxiety and depression are important comorbidities of COPD, with prevalences estimated to be 2%-80% and 7%-80%, respectively; 29 findings that could be associated with cigarette smoke exposure, physical inactivity, social isolation, multiple episodes of dyspnea, and chronic hypoxia. 30 These mood disorders, particularly depression, are associated with (7, 14) 10.00 (7,14.5) 0.00 (-2,2) 10.00 (8, 14) 0.50 (-3,3) 
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COPD treatment and haDs score more frequent exacerbation, 31 higher in-hospital mortality, 32 and decreased adherence to treatment in COPD patients. 33 However, it has rarely been investigated whether inhaled drugs actually have an impact on mood problems among COPD patients, although studies have reported positive effects of pulmonary rehabilitation for COPD on mood disorders. [34] [35] [36] Our results showed some improvement numerically in HADS scores in patients who were treated by ICS/LABA or LAMA, but we did not observe statistical significance. In the univariate analysis, those who were treated by ICS/LABA or LAMA showed a significant increase in HADS-A at the 4-week evaluation, but the statistical significance was lost in the multivariable analysis. LAMAs increased the HADS score by 1.83±4.86 from baseline to 3 months during treatment, reaching the minimal clinically important difference in COPD patients. Puhan et al 37 evaluated 88 COPD patients, and reported that the minimal important difference was 1.40 for the HADS depression score, 1.32 for the HADS anxiety score, and 1.17 for the HADS total score based on the effect size approach. However, we did not find statistically significant differences in the proportion of patients in each group who meet the criteria for a minimal important difference in total HADS, HADS-A, and HADS-D. These results might be due to the small number of patients included.
The neutral effects of inhaled drugs on mood problems in our study could be explained by several reasons. First, the effects of these inhaled drugs may actually be minimal. For example, inhaled drugs might not readily cross the blood-brain barrier. 38 The number of reports concerning psychiatric disorders was lower in those who received inhaled budesonide compared to the placebo group in a large clinical trial in asthma patients. 39 A pooled analysis, including 9,149 tiotropium users and 7,865 placebo controls, showed no statistically significant difference in nervous system disorders. 40 Second, the small number of participants might lead to a lack of statistical power. However, in the multivariate model, all of the P-values of the effects of ICS/LABA on the HADS score were .0.681, and all of the coefficients of the effects of LAMAs on the HADS score were positive values, indicating that LAMAs worsened the HADS score numerically, suggesting that these inhaled drugs were not associated with the trend to improve the HADS score.
Limitations of our study include the following: 1) the study was conducted in a real-world clinical practice without any intervention, possibly providing uncontrolled differences in characteristics between the intervention and control groups; 2) 3 months were short for the follow-up duration, considering most psychiatric diagnoses and management changes are based on a 6-month follow-up period; 41 3) no evaluation of patient health status was performed at each visit, including symptoms, quality of life, exercise capacity, and lung functions, which might be confounding factors in the development of anxiety and/or depression; and 4) the actual adherence to inhaled therapies, which could affect drug efficacy, disease control, and symptoms, could not be evaluated.
In conclusion, our prospective observational study found no significant effects of inhaled treatment on mood problems among newly diagnosed COPD patients.
